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SOME OBSERVATIONS ON THE BLOOD OF DAIRY COWS 
IN TICK-INFESTED REGIONS.* 

R. P. HiBBARD AND D. C. NeAL. 

{From the Mississippi Agricultural Experiment Station, Agricultural College, Mississippi.) 

The material contained in this paper has been selected from a 
mass of data collected during the past two years. The subject was 
suggested by some observations made while conducting one of 
our Adams Fund projects. Our first set of results, obtained from a 
limited number of animals (15), when compared with the results 
of other observers in the hematological studies of the blood of nor- 
mal cattle, brought to light some differences which could not then 
be explained. In view of this fact we thought it necessary to 
make a more thorough study in an attempt to account for these 
differences. In all over 50 individual animals have been examined, 
a few of which were subjected to repeated examination at various 
times of the year. Our observations during this period of time 
have not brought any change in the general result. We do not 
consider, however, that we have established a new normal, but 
according to data recently obtained we believe that what differ- 
ences do exist between our data and those of other observers are 
entirely due to the influence of the Texas fever parasite upon the 
blood of the animals which have recovered from the disease. It 
is generally considered that the blood of cows that have had tick 
fever never attains the optimum condition that it maintained pre- 
ceding an attack. To our knowledge nothing has been published 
in regard to the condition of the blood after recovery from Texas 
fever nor has anything appeared in the literature concerning the 
history of the leukocytes during or after an attack. It has, there- 
fore, seemed advisable to publish our results. 

TECHNIC. 

The blood was procured from a gash made by a spring fleam. 
This gash was made on the rump at a place most accessible to the 
operator and at the same time in a region where the blood could 
be made to ooze out with readiness. When the hair is clipped 

• Received for publication July 3, igir. 
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and the site thoroughly cleaned a good specimen of blood can be 
obtained. With proper care a clean sample of blood can be taken 
from between the lips of the gash. The counts are materially 
affected when dirt particles, oil droplets, and debris are taken 
up in the pipette. Every instrument and piece of apparatus was 
placed in readiness so that the work could be done quickly. After 
the operation the wound was treated with five per cent carbolic 
acid and the lips held together for a few seconds. This precaution 
was finally given up as unnecessary since no septic conditions were 
produced and the scars soon disappeared. 

The samples of blood were taken during milking time, between 
four and five o'clock in the afternoon, while the cows were in the 
stalls, feeding. A few animals were nervous, but the majority 
took little or no notice of the slight operation. The ages of the 
animals varied from one to 12 years. After the samples had 
been gathered they were taken to the laboratory and counts made. 
During the winter it was too dark to do this work at once, so they 
were held over until the following mor ing. There appears to be 
little or no difference between the morning and evening results, or, 
in other words, between results obtained one hour or 14 hours 
after the samples are taken. What differences do show up are 
within the limit of error. The accompanying table is inserted to 
show this fact. 

Two samples from each animal in the dilution of i : 200 were 
taken. One was examined on return to the laboratory while the 
other was put away for examination in the morning, (p.m. = 
samples taken in the afternoon and counts made within one hour 
after samples were collected, a.m. = samples taken in the after- 
noon but held until the morning following and then examined.) 

TABLE 1. 



Number 


P.M. 


A.M. 


Reds 


Whites 


Reds 


Whites 




5,880,000 
5,120,000 
4.142,000 
4,608,000 


12,000 

15-554 

7,332 

6,000 


4,584,000 
5,240,000 
4,936,000 
5,440,000 


TsM 






11,776 
7,332 






Average 


4,940,000 


10,221 


5,050,000 


10,387 
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The above method would afford a sUght chance for error. The 
samples were taken by two individuals. Those to be examined 
immediately, by one, and those for morning study, by the other. 
We next took samples in the afternoon and held them over until 
the morning following, when they were counted together with 
samples taken in the morning. The evening and morning samples 
were taken from the same individual animals, (p.m. = samples 
taken in the afternoon and counted in the morning, a.m. = 
samples taken in the morning and counted within an hour after 
taking. In this case the samples were all taken by one individual.) 

TABLE 2. 



382 

383 

384 

38s 

393 

397 

399 

400 

Average 



Reds 



5,744,000 
5,080,000 
7,152,000 
6,680,000 
5,792,000 
5,624,000 

broken 
6,488,000 



6,080,000 



Whites 



11,110 
13,776 

9,822 
12,000 

8,000 
14,776 
broken 

5,332 



IO,t 



Reds 



7,504,000 
S>S44,ooo 
6,352,000 
6,752,000 
6,336,000 
6,344,000 
6,600,000 
6,664,000 



6,512,000 



Whites 



16,888 
12,000 
ro,222 
10,666 
20,222 
12,444 
14.776 



13.263 



The morning and evening counts are known to vary slightly. 

Finally we took samples in the afternoon and within an hour 
from the time they were taken we began counting. After count- 
ing, the pipettes, which were about half full, were put aside and in 
the morning were counted again with the following results. 

In this case all the samples were taken by one individual, and 
the morning and evening counts from the same pipette. 

TABLE 3- 
From Same Pipette. 



Number 


P.M. 


A.M. 


Reds 


Whites 


Reds 


Whites 




4,152.000 
6,488,000 
4,848,000 
4,912,000 
4,768,000 
6,488,000 
4,936,000 


7,332 

8.332 
11,110 

9,110 
10,000 

8,332 


4,464,000 
6,160,000 
4,800,000 
5,360,000 
4,800,000 
4,976,000 


7,110 
8 000 






12 888 




10,332 
7.5S4 
6,888 

10 666 




6::;::::::::::::: 


7 








Average 


5,227,000 


9,460 


5,047,000 


9,062 
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We consider the above differences as within the limit of error. 

The number of erythrocytes and leukocytes per c.c. was deter- 
mined. Both sets of corpuscles were counted from the same 
preparation. The blood was diluted i : 200 with Toisson's fluid. 

In this work the reds and whites were counted in the same 
preparation. To facilitate the work the dilution of i : 200 was used 
instead of the i : 100 dilution, as the number of red corpuscles to a 
square was large and rendered the counts tedious when so many 
examinations were made. We have found that the differences are 
small and fall within the limit of error. This may be observed in 
Table 4. 

TABLE 4- 





Dilution i : loo 


Dilution i : 200 


Name 


No. of Leukocytes 
per c.mm. 


No. of Leulcocytes 
per c.mm. 


Estelle 


11,777 
II.55S 
10,055 
12,500 
12,111 
11,611 
15,518 

7,296 

9,950 
14,444 
10,200 
16,444 

8,000 
10,33^ 
15,777 
15,888 

7,777 






13,776 
9,554 
10,666 
13,844 
12,444 
17,110 
8,444 


224 

Maimie 

228 

Roxie 

Marjorie R 

Lucy R 

Lady Doth 


316 

Cecile S 

125 

Wayne P 

116 


bad 

8,666 

16,000 

8,222 

9,222 

16,666 

15,332 

8,444 


LuraK 

Timola's Lassie 


Average 


11,837 


12,040 



The Thomas Zeiss hematocytometer with the Zappert Ewing 
ruling was used for counting both reds and whites. In estimating 
the number of red cells, one hundred squares were counted. This 
operation was repeated with another drop, and if the results varied 
more than 25 from that obtained with the first drop, a third prepa- 
ration was made and the three results averaged. In counting the 
white cells the number in the whole ruled area or nine squares was 
counted. Two preparations were examined as described above 
in the counting of the red cells. Whenever necessary a third prepa- 
ration Was made and an average taken of all three. A differential 
count of the leukocytes was also made. Wright's modification 
of Jenner's stain was used exclusively. 
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The hemoglobin was determined by use of Dare's hemoglobi- 
nometer. In some cases the results were checked by another person. 
The results were in fairly close agreement. Results obtained in 
different months and different years tallied quite closely. 

The following tables have been taken from Dr. Burnett's book 
on Clinical Examination of the Blood of Animals. 



Red Corpuscles 
per c.mm. 


Leukocytes 
per c.mm. 


Hemoglobin 
per c.mm. 


Specific 
Gravity 


Size of Red 
Corpuscles 


Authors 


6,27S,0OO 

6,152,000 


■5,486 

9,730 

'7,84V 
9.367 
8,241 
11,614 
15,739 


59.7 






4.6-7.2 m 


Bethe 


5-95 m 

6m 

5H5m 




4,200,000 
6,000,000 






Malassez 

Smith and Kilbourne 
Stoltzing 








6,683,ooot 
5,473.ooot 
7,o5s,ooon 
8,523,000! 




Storch 












Storch 












. 



* Bulls, t Oxen. X Cows, tt Young cattle. § Calves. 

Dimock and Thompson obtained the following numbers and 
percentages of the several varieties of leukocytes in the blood of 
normal cattle: 





Per c.mm. 


Average 
per cent 


Minimum 
per cent 


Maximum 
per cent 


Ljrmphocytes 


'■r6 

1,786 

772 

31 


54-2 

1-4 

30. 5 

13 15 

O.S9 


31 
0.2 

13.0 
3.8 
0.1 


76 


Polymorphs 

Eosins 


45-8 
26.5 







Refik-Bey gives the normal number of leukocytes for cattle as 
7, 000-11, OCX) per c.mm., the number of mononuclears, including 
lymphocytes, as 4,500-6,500 per c.mm. (57-84 per cent), the num- 
ber of polynuclears as 1,500-3,500 per c.mm. 

The above is a summary of our present knowledge of the clini- 
cal work on the blood of cattle and is inserted here for purposes of 
comparison. 

In our original work 15 animals were selected and placed in a 
feeding experiment. A clinical study of the blood was begun on 
October 22, 1908, and at first consisted in a count of erythrocytes 
only. The animals were heifers with their first calves. There 
were three lots of three each, making nine in all. Two months 
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later six yearling heifers were introduced into the experiment. 
This completed the total number of animals to be examined. 
Table s gives the results for each individual for five or six different 
examinations extending over a period of four months. A differen- 
tial count was also made and will be found in Table 7. 

Table 6 includes further observations on the same animals and, 
in addition, shows the percentages of hemoglobin, and the number 
and percentage of the five different varieties of leukocytes. The 
observations over a period extending from March, 1909, to March, 
1911. 

In the following tables we have the observations made on the 
six calves introduced in the experiment two months after it was 
started. The period of experimentation extended from January 
27, 1909 to March 11, 191 1. 
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TABLE 9. 

General average of six calves sampled between the dates of January 27, 1909, 
and March 11, 1911. 

Reds .6,742,000 

Whites 11,632 

Differential Count of Leukocytes of the Above Six Calves. 



Per c.c. 



Average 
per cent 



Minimum 
per cent 



Maximum 
per cent 



Lymphocytes . 
Mononuclears 
Polynudears . 

Eosins 

Mast 



9.740 
452 

1,873 

524 

92 



77.8 
3.8 

14.6 
3-9 
0.6 



95 o 
21 .6 
30.9 
10.5 
1.2 



Personal observations 



Before the work represented in the above tables was completed 
it was seen that the results in some respects were different from those 
obtained by other workers in this line. It seemed necessary, there- 
fore, to determine if possible the cause of this difference, so a num- 
ber of animals in the general herd living under supposedly normal 
conditions were tested. In Table 10 we have the results obtained 
from 41 individual cattle. 
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Comparison of Results. 

General average of nine cows sampled between the dates of October 22, 1908, 
and April 8, 1909. These were on a feeding experiment. 

Reds 6,704,000 

Whites 13,712 

General average of nine cows sampled between the dates of March 9, 1909, and 
March 4, 191 1. These were on a feeding experiment. 

Reds 5,972,000 

Whites 14,449 

Hemoglobin 85 per cent 

Average of the above results. 

Reds 6,338,000 

Whites 14,080 

Hemoglobin 85 per cent 

.\verage of 41 cows in the general herd. These were not in any experiment. 

Reds 6,053,600 

Whites 12,361 

Hemoglobin 83 . 7 per cent 



Red Corpuscles 
per c.c. 


Leukocytes 
per c.c. 


Hemoglobin 
per cent 


Authors 


6,152,000 
6,000,000 
5,473,000 
6,053,600 


5,486 
9,730 
8,241 
12,361 


59-7 
83:7 


Dimock and Thompson 
Smith and Kilbourne 
Storch 

Personal observations 
■ (41 cases) 



Differential Count of Leukocytes. 





Per c.c. 


Average 
per cent 


Minimum 
per cent 


Maximum 
per cent 






2,992 
86 

1,786 
772 
31 


54-2 
21.4 
30.5 
131S 
O.S9 


31.0 
20.2 
13.0 
3.8 
0.1 


76.0 

3-3 

45-8 

26.5 

1.2 




Large mononuclears 

Polymorphonuclears 

Eosins 


Dimock and Thompson 







Results of Observation on 41 Cows in General Herd. 





Per c.c. 


Average 
per cent 


Minimum 
per cent 


Maximum 
per cent 






9.568 

327 

1,820 

1. 00s 

80 


79-9 
2-5 

0.7 


65.0 
0.7 
3-4 
I.I 
0.2 


93-9 

28. 

j8.o 

1.9 




Large mononuclears 

Polymorphonuclears 


Personal observations 


Mast 
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Results of Observation on Nine in a Feeding Experiment. 



Per c.c 



Average 
per cent 



Minimum 
per cent 



Maximum 
per cent 



Lymphocytes 

Large mononuclears . 
Polymorphonuclears . 

Eosins 

Mast 



12,283 

368 

1,620 

963 

98 



79.6 
2.6 



7.6 
0.7 



306 

18.5 

2-7 



Personal observations 



A glance at the preceding tables will reveal some differences 
when compared with the already accepted data of other observers. 
At first the records were thought to be faulty though the methods 
used were the same then as now. The work was done then with as 
great care as at the present time. The work was repeated and 
allowed to extend over long periods. The results were, in general, 
the same as at first. No reason could be given to account for the 
differences. The idea, however, that the Texas fever parasite must 
exert some influence persistently suggested itself. In order to see 
if there was any foundation for this belief five yearling heifers 
which had just been imported from Pennsylvania were examined 
and a normal established. Afterward these same animals were 
inoculated with Texas fever organisms. One died within the pre- 
scribed 10 days and within 15 minutes of the time of death the 
blood was examined. The other animals all survived the treat- 
ment and after three later attacks the blood was sampled at inter- 
vals as shown in the table below. No definite conclusions should 
rightly be made, since the number of cases are few, but the indica- 
tions strengthen the belief that the differences between our obser- 
vations and those of other workers are traceable to the Texas 
fever protozoon. 

The following tables include further observations on the same 
animals, and, in addition, show the percentage of hemoglobin and 
the number and percentage of the five different varieties of leuko- 
cytes. 

The results of the tables can be more strikingly arranged in the 
following manner: The animals had recovered from three attacks 
and had been passed on as in good condition a month before the 
clinical examination represented in the second column. The 
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second examination was made on the ist of December, the third 
on the 31st of January, and the last on the 14th of April. 

We note that there was a decrease in reds still but that the 
number was gradually approaching the normal. The percentage 
of hemoglobin also decreased, while the number of leukocytes 
increased beyond the normal and was continuing to increase. 



TABLE 12. 

Observations of Five Heifers. 
General Results. 





Before 
Treatment 


After Treatme^tt 




Date ; 
11-18-10 1 


Date 
12-1-10 


Date 
1-3-1 I 


Date 

4-14-11 


Reds 


7,030,000 

8,050 

97 


,'5,233.000 
24,444 
90 ' 


5,312,000 

22,804 

86 


7,200,000 

23,00s 

86.5 


6,644,000 

21,721 

88.5 


Whites 


Percentage of Hemoglobin 



Differential Count of Whites. 



Number 



Per 
cent 



Number 



Per 
cent 



Number 



Per 

cent 



Number 



Per ! 



Number 



Per 
cent 



Polynuclears . 
Mononuclears 
Lymphocytes . 

Mast 

Eosinophiles . 



1.433 
171 

7,163 
37 
253 



2.384 

383 

20,280 

52 
586 



2.310 

700 

19.003 

■ ■ 756 



3,444 

858 

18,243 

87 

i,2g6 



2,930 

519 

15.994 



14.0 

2.3 

73-4 



2,215 ;I0.2 



A glance at the table will reveal an increase in the percentage of 
lymphocytes, eosinophiles, and mononuclears and a decrease in 
the percentage of polynuclears and mast cells. 



conclusions. 
Our original observations on 15 animals in the dairy herd gave 
us results which, when compared with those of other observers, 
showed some marked differences. The most apparent differences 
are noted as follows: (i) The number of whites is appreciably 
larger. (2) The number and percentage of polynuclears are smaller. 
(3) The number and percentage of lymphocytes are larger. Other 
differences, though not so apparent and possibly of very little value, 
are noted as follows: (i) The number and percentage of mast 
cells have decreased, while the number and percentage of eosino- 
philes and mononuclears have increased. 
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These same differences were observed when the above 15 
animals were further examined at various times and over a period 
of two years. When the results of the original 15 animals were 
compared with the results of a set of 15 animals from the general 
herd, the same differences were also noted. Furthermore, we 
observed similar differences when we examined 41 cows in the 
general herd. 

To account for these differences was our next object, for we did 
not consider that we had established a new normal. The idea 
that tick fever might have such an effect on the blood of the 
animal that had passed through one or more attacks persistently 
suggested itself; so when five Ayrshire heifers were imported from 
Pennsylvania, observations were immediately made to establish a 
normal. After these observations the animals were put through 
a system of immunization to tick fever. A month after they had 
passed through three attacks and were considered in good condition, 
the blood was examined at four different times. These results were 
found to be similar to our other results. The number of cases 
(four) is small, and though too small to draw definite conclusions 
from, we believe that we have sufficient indication to justify our 
position and hope on further observation to establish this fact 
without a doubt. 

One animal died and observations 15 minutes after death 
showed an increase of whites. We have found this to be true in 
three other cases. It is hoped that time and material will be 
available for a more thorough study of the leukocytes in the last 
stages of the disease. 



